The norm-based coding model of face perception posits that face perception involves an implicit comparison of observed faces to a representation of an average face (prototype) that is shaped by experience. Using some methods, observers with autism spectrum disorder (ASD) have shown atypical face perception, but other methods suggest preserved face perception. Here, we used a figural aftereffects paradigm to test whether adults with ASD showed evidence of norm-based coding of faces, and whether they encode separate prototypes for male and female faces, as typical observers do. Following prolonged exposure to distorted faces that differ from their stored prototype, neurotypical adults show aftereffects: their prototype shifts in the direction of the adapting face. We measured aftereffects following adaptation to one distorted gender. There were no significant group differences in the size or direction of the aftereffects; both groups showed sex-selective aftereffects after adapting to expanded female faces but showed aftereffects for both sexes after adapting to contracted face of either sex, demonstrating that adults with and without ASD show evidence of partially dissociable male and female face prototypes. This is the first study to examine sex-selective prototypes using figural aftereffects in adults with ASD and replicates the findings of previous studies examining aftereffects in adults with ASD. The results contrast with studies reporting diminished adaptation in children with ASD.
1. Introduction
Autism spectrum disorder
Autism spectrum disorder (ASD) is characterized by deficits in social communication and interactions as well as repetitive and restrictive behaviors and interests (American Psychiatric Association, 2013) . The ability of individuals with ASD to process social information in faces has been an area of focused research in recent decades, but there is still no clear understanding of the specific face processing deficits in the current literature. While many studies have focused on measuring performance accuracy on various face perception tasks, relatively few studies have examined the perceptual mechanisms underlying face perception. Face adaptation and norm-based coding are purported to facilitate typical face perception, however, a limited number of studies have examined face adaptation in adults with ASD (e.g., Cook, Brewer, Shah, & Bird, 2014; Walsh et al., 2015) . Examining face adaptation and norm-based coding in ASD will provide a direct test of whether face perception processes are the same in individuals with ASD compared to typical observers.
Norm-based face processing in typical individuals
Typical adults are expert face processors and show superior performance on face-based visual perception in comparison to other visual stimuli (see Maurer, Grand, & Mondloch, 2002 , for a review). The norm-based coding model of face perception (Rhodes & Leopold, 2011; Webster & MacLeod, 2011) suggests that the perception of faces involves an implicit comparison of perceived faces to a prototypical or average face (Rhodes et al., 2005; Rhodes, Jeffery, Watson, Clifford, & Nakayama, 2003) . This average face is thought to be dynamic, updating constantly as an individual experiences faces.
Face aftereffects
Previous studies have used an aftereffects paradigm to examine norm-based coding of faces. A face aftereffect is an effect, caused by prolonged exposure to a face, on the perception of a subsequent face (or group of faces; see Webster & MacLeod, 2011 for a review) . In order to test the hypothesis that individuals' face prototype can http://dx.doi.org/10.1016/j.visres.2015.08.010 0042-6989/Ó 2015 Elsevier Ltd. All rights reserved.
be calibrated by recent visual experiences, several researchers have measured the results of exposure to artificially distorted faces, an approach known as figural face aftereffects (e.g., Jaquet, Rhodes, & Hayward, 2007; Little, DeBruine, & Jones, 2005; Little, DeBruine, Jones, & Waitt, 2008; Rhodes et al., 2003 Rhodes et al., , 2004 , 2006 Webster & MacLin, 1999) . The figural face aftereffects paradigm involves recalibrating individuals' average face representation by exposing them to a series of faces that are distorted in a similar manner (e.g., extreme spacing between the eyes and mouth, expansion or contraction). This is thought to create neural adaptation and to shift the observer's average face representation in the direction of the distortion (MacLin & Webster, 2001; Rhodes et al., 2003) . By measuring individuals' normality ratings of a range of faces before and after adaptation, an experimenter is able to infer a change in the facial characteristics that are perceived as most normal. These changes in normality ratings correspond to changes in the average face representation.
The figural aftereffects paradigm has also been used to explore whether various categories of faces are encoded by overlapping neural populations. If two categories of faces (e.g., male and female) were coded by separate neural populations, then adapting participants to distorted faces from one category should induce aftereffects for that category without affecting the other category. In contrast, if the two categories of faces were coded by common or overlapping neural populations, then adapting participants to one category of faces should create measureable aftereffects for both categories. Furthermore, if discrete neural populations code the two categories of faces, it should be possible to recalibrate the average representation for each category in opposite directions, leading to aftereffects in opposite directions for the two categories, e.g., contracted versus expanded (Rhodes et al., 2003) . Figural face aftereffects have been demonstrated for race (Jaquet et al., 2007; Jaquet, Rhodes, & Hayward, 2008; Little et al., 2008) , and sex (Little et al., 2005; and are seen even with inverted faces (Rhodes et al., 2004; Watson & Clifford, 2006 ). Little et al. (2005) used the simple (i.e., aftereffects created and measured within a sex category) and opposing (i.e., male and female faces adapted to opposite distortions) figural aftereffects paradigms together to examine whether male and female face prototypes are encoded by distinct or overlapping neural populations. Across three experiments, participants displayed sex-selective simple and opposing aftereffects, which the authors interpreted as evidence for distinct neural representations of male and female faces. used similar methods as well as a more sensitive measure and found similar sex selective aftereffects, but the authors also reported aftereffect transference to test faces of the unadapted sex, a pattern suggesting common neural underpinnings for male and female faces. Taken together, these studies suggest that male and female faces are encoded with partly, but not fully, overlapping neural populations.
Separate encoding of prototypes for each sex

Face aftereffects in individuals with autism spectrum disorder
Previous research has provided conflicting results regarding deficits in face processing in ASD. Some studies report atypical performance on specific face processing tasks such as emotion or identity recognition, while others report typical performance (see Jemel, Mottron, & Dawson, 2006; Sasson, 2006; Weigelt, Koldewyn, & Kanwisher, 2012 for reviews). Face aftereffects paradigms can be used to explore the psychological relationships among face categories, such as emotional expressions (Rutherford, Chattha, & Krysko, 2008 ). Rutherford, Troubridge, and Walsh (2012) used an aftereffects paradigm to examine the psychological organization of facial expressions in adults with ASD and found atypical psychological organization of the six basic emotions. Aftereffects can also be used to test for reduced or abnormal norm-based coding of face information. Pellicano, Jeffery, Burr, and Rhodes (2007) employed an identity aftereffects paradigm to demonstrate that norm-based coding of facial identity was atypical in children with ASD. Ewing, Pellicano, and Rhodes (2013) demonstrated that children with ASD show smaller figural aftereffects for upright faces, but not inverted faces or cars, suggesting selective deficits for upright faces. Similarly, Ewing, Leach, Pellicano, Jeffery, and Rhodes (2013) reported that children with ASD show reduced identity aftereffects when attention to adapting faces is controlled suggesting that diminished adaptation is not likely due to inattention to adapting stimuli.
Only one study has used the aftereffects paradigm to examine opponent coding and face adaption in adults with ASD. Cook et al. (2014) examined identity and expression aftereffects in adults with ASD and reported no group differences in the size of either type of aftereffect, indicating intact adaptation to facial identity and expression. The difference between these results and those of experiments showing atypical face adaptation in children with ASD may indicate a developmental delay in face adaptation in the ASD population, however, this needs to be explored further. The figural aftereffects paradigm has yet to be used to examine norm-based coding in adults ASD populations. As this paradigm is well established in typical populations and considered a useful experimental tool for examining face adaptation and norm-based coding, we used this paradigm to test whether adults with ASD show evidence of norm-based coding just as typical observers do, and whether adults with ASD encode separate prototypes for male and female faces, just as typical observers do.
The current research
The current experiment was designed to examine the extent to which high-functioning adults with ASD show evidence of normbased coding and show distinct perceptual representations of male and female faces. We employed a figural face aftereffects paradigm, which is a well-established experimental tool for measuring face aftereffects but has never been used with an ASD population. We tested whether adults with ASD would show evidence of simple sex selective aftereffects to the same extent as typical individuals by adapting them to faces of one sex distorted in one direction and then measuring their subsequent perception of faces of both sexes. If adults with ASD encode gender information as typical individuals do, we would expect participants to show aftereffects for test faces that are primarily contingent on the sex of the adapting face. For example, if they are adapted to female distorted faces, they should show stronger aftereffects for female faces compared to male test faces, although some transfer of aftereffects may occur (see . If adults with ASD encode sex information in faces atypically, we might find group differences in either the size or the direction of the aftereffects.
Methods
Participants
Participants were 20 high-functioning adults (13 males, average age 26.8 years, range 18-39) with a diagnosis of ASD and 20 typical adults (17 males, average age 29.5, range 20-40). The groups did not significantly differ in chronological age or IQ (see Table 1 for demographic information). Four additional participants (2 ASD) were excluded because of technical error (1 ASD, 2 typical participants) or inattentiveness (1 ASD participant).
Participants with ASD were recruited from a local assisted living home as well as from a database of individuals who had previously participated in research in the lab. They had received a diagnosis of autism or Asperger's by outside agencies, and were also evaluated by one of the authors who was a reliably trained examiner using the ADOS-G (Lord et al., 2000) Module 4 to confirm an ASD diagnosis (as per ADOS-G guidelines) for this study (Table 2) . Participants were free from other medical or psychiatric diagnoses. Typical participants were recruited off-campus via online advertising. All participants had normal or corrected-to-normal vision. Participants were given a small honorarium for their participation. Research was carried out in compliance with the McMaster Research Ethics Board guidelines for research with human subjects and complied with The Code of Ethics of the World Medical Association (Declaration of Helsinki). Informed consent for experimentation with human subjects was obtained from each participant prior to beginning the study.
Materials
Face stimuli
Stimuli were color photographs of 15 Caucasian male and 15 Caucasian female faces with neutral expressions. All faces were cropped around the contour of the face with an oval black mask ( Fig. 1) . The faces were distorted by applying the spherize tool of Adobe Photoshop. This application distorted the faces by shifting the internal facial features towards the center of the face (i.e., contracted) or away from the center of the face (i.e., expanded).
Pre-and post-adaptation test stimuli. Test images were derived from photographs of five male and five female faces. Each model's face was distorted in increments of 15% to create a continuum ranging from 60% contracted to 60% expanded (9 images total for each model). Test images were presented at 900 Â 1200 pixels, or 13.5 Â 18 cm (Fig. 1a) .
Adapting stimuli. Adapting images were derived from 10 male and 10 female faces not used to develop the adaptation stimuli. Each model's photograph was distorted 60% contracted and 60% 
Example of faces used in the pre-and post-adaptation test phases. For each of the five male and five female models, nine different distortion levels were created (À60%, À45%, À30%, À15%, 0%, +15%, +30%, +45%, +60%). (B) Example of faces used in each adaptation condition. Each condition consisted of one sex that was distorted in one direction. Participants were adapted to only one condition of faces.
expanded (Fig. 1b) . Adapting images were presented at 1300 Â 1800 pixels, or 16 Â 21 cm. The size change between adapting and test stimuli was intended to reduce low-level visual adaptation effects. All stimuli were presented and data was compiled in MatLab Student Version 7.4 on the same Apple Macintosh mini Dual 2.7 GHz PowerPC G5 computer with OS X operating system with a 17-inch LCD monitor set to a resolution of 1280 Â 1024 and a refresh rate of 60 Hz.
Stimuli validation
It was imperative that the distortion used to create the adapting stimuli did not interfere with participants' ability to perceive the sex of each face, as the figural aftereffects paradigm is designed to create adaptation to the category of faces viewed during the adaptation phase. In order to ensure that the adapting stimuli retained salient information regarding the sex of each face, we validated the stimuli using a separate participant group. Sixteen participants (3 males, age [M = 18.9, SD = 1.4]) who did not participate in the final experiment completed the validation task in exchange for course credit. All participants reported normal or corrected to normal vision.
Experimental stimuli were presented using an HP Compaq NC6000 laptop running the Windows XP operating system. A 43 cm NEC Multisync LCD 1700V screen and a keyboard were connected to the laptop such that only the screen and keyboard were visible to the participant. Stimulus presentation was controlled using E-Prime 2.0 software (Psychology Software Tools, Pittsburgh, PA).
Participants were tested individually, seated comfortably without head restraint, with eyes 60 cm from the screen in standard office lighting. At the beginning of the experiment the participants read the following instructions, ''You will briefly see a face. Please identify the face as either male or female. Press M for male. Press F for female. Press SPACE when you are ready to begin." Screen background was 50% gray throughout. There were 20 (10 female) face identities (each of the faces in the four adapting conditions). Each image was presented two times contracted and two times expanded in random order resulting in 80 trials per participant.
On each trial, participants made a 2 alternative forced choice between male or female. Participants responded using the 'd' and 'k' keys that were covered by stickers reading 'M' for male or 'F' for female. Sticker placement was counterbalanced. At the beginning of each trial, a centered, 14.7°wide by 20.7°tall image of a face was presented. It remained on the screen until response or until 4 s had elapsed. After 4 s, the face was replaced with two centered lines of the written instructions, ''Press M if the face was Male" and ''Press F if the face was Female". These instructions remained on the screen until a response was made. The intertrial interval was 200 ms.
We calculated the proportion of trials in which the participant correctly categorized the sex of the test face, and calculated these proportions separately for each category of adaptation faces (i.e., female contracted, male contracted, female expanded, and male expanded). First we confirmed that participants were able to categorize the sex of the male and female faces significantly better than chance (i.e., 50%). We completed a one-sample t-test on participants' mean accuracy for each category of adapting stimuli (i.e., male contracted, male expanded, female contracted, and female expanded). The results indicated that participants' accuracy when categorizing the sex of the male contracted faces was significantly better than chance (M = .98, SD = .03, t(15) = 64.46, p < .001), as was their accuracy of categorizing the male expanded faces (M = .97, SD = .06, t(15) = 29.88, p < .001), the female contracted faces (M = .94, SD = .07, t(15) = 25.17, p < .001), and the female expanded faces (M = .93, SD = .08, t(15) = 21.10, p < .001). We also conducted a 2 (sex of face: male vs. female) by 2 (type of distortion: contracted vs. expanded) repeated measures ANOVA on participants mean accuracy to examine if there were any significant differences in participants' accuracy in categorizing the sex of each category of adaptation faces. There were no significant main effects or interaction (p values ranged from .06 to .71). These results suggest that the adaptation stimuli used in the current experiment adequately convey information about the sex of the face.
Procedure
There were three phases in the experiment: a pre-adaptation rating task, an adaptation phase, and a post-adaptation rating task. Participants were assigned to one of four adapting conditions: male contracted, male expanded, female contracted or female expanded. Participants in the male contracted condition, for example, were only exposed to contracted male faces during the adaptation phase. Five participants from each group (ASD and typical) were in each condition.
For all three tasks, participants sat and used a chin rest. Viewing distance was 60 cm from the monitor. Before the pre-adaptation task, participants were given verbal instructions. They were told that they would see one face at a time and would be asked to rate how normal each face looked on a scale from 1 (unusual) to 9 (normal) by pressing one of nine computer keys. Male and female test faces were presented individually, in random order, and participants rated how normal each looked. Faces appeared centrally on the screen for 1s, then disappeared. After a 200 ms inter stimulus interval (ISI), the response screen appeared, prompted participants and remained on the screen until participants responded. The next trial began after a 200 ms ISI. There were 90 trials total in this task.
In the adaptation phase, participants were told that they would see a variety of faces during this task and that they were to watch each one carefully. Each adaptation face was presented centrally on the screen for 4s with a 200 ms ISI between each face. There were 40 trials total in this phase.
Immediately following the adaptation task, participants completed the post adaptation task. The procedure was identical to the pre-adaptation task (i.e., 90 test trials -9 images of 10 models) with the addition of 6 ''top-up" adaptation trials that were presented before each test face. The 6 top-up images (each from the set presented during the adaptation phase) were presented individually for 1s with a 200 ms ISI between faces. The test face was presented with a red border to indicate which face they were to rate. The entire experiment took approximately 40 min.
Results
Measuring the aftereffects
The size of the aftereffect was the difference between the distortion level that was rated most normal in the pre-adaptation task and the distortion level that rated most normal in the postadaptation task (see Rhodes et al., 2004 Rhodes et al., , 2003 . To determine which distortion level was rated as the most normal, we first plotted participants' normality ratings of the test faces as a function of distortion level (for male and female faces and for pre-and post-adaption faces separately). As in , we fit a third-order polynomial (cubic) function to each participant's data (illustrated in Fig. 2) . The fits for each group were good for both sexes' pre-and post-adaptation ratings (Table 3) . We conducted a 2 (sex of test face) Â 2 (test time point) Â 2 (group) mixed model repeated measures ANOVA on participants' R 2 scores for the data fits. Results indicated no significant main effects (all p > .10) and no significant interactions (all p > .18) demonstrating that the fits for both groups were equally good. The distortion level corresponding to the peak of the function was calculated in order to determine the distortion level that was rated most normal (i.e., peak normality rating). This was done for each participant separately and for male and female faces preand post-adaptation separately. Positive scores indicated the estimated distortion level that was rated most normal was in the expanded direction, whereas negative scores indicated the estimated distortion level that was rated most normal was in the contracted direction.
Do adults with ASD show evidence of sex selective figural aftereffects?
Expanded adaptation conditions
We analyzed the data for contracted and expanded adaption conditions separately as these conditions were expected to produce opposite shifts in participants' normality ratings (e.g., . For the expanded adaption conditions, we completed a 2 (Timepoint: pre vs. post adaption) by 2 (sex of adapting faces) by 2 (sex of test faces) by 2 (Group: ASD vs. typical) mixed model ANOVA on participants' calculated peak normality rating, i.e., the distortion level rated most normal (Fig. 3) . The results indicated a significant main effect of Timepoint, F(1, 16) = 6.60, p = .02, We completed follow up analyses on male and female adaptation conditions separately. For the condition in which participants adapted to a male face, we completed a 2 (Timepoint: pre vs. post adaption) by 2 (sex of test faces) repeated measures ANOVA on participants' peak normality rating collapsed across the Groups, as our previous analysis revealed no significant main effects or interactions with Group. There was a marginal main effect of Timepoint, F(1, 9) = 4.70, p = .06, g p 2 = .34) The main effect of sex of test face was not significant, F(1, 9) = 1.16, p = .31, g p 2 = .11, nor was the interaction between Timepoint and sex of test face, F(1, 9) = .04, p = .85, g p 2 = .004. The lack of significant results suggested that there were not significant differences in peak normality ratings pre and post adaption for participants who were adapted to male expanded faces. Additionally, we completed one-sample t-tests on participants' peak normality ratings of the male and female test faces pre-and post-adaption to test if the peak normality ratings were significantly different from zero. Pre-adaptation mean peak normality ratings were not significantly different from zero for male test faces, t(9) = .67, p = .52, or female test faces, t(9) = .04, p = .97, but post-adaptation ratings were significantly different from zero, for both male test faces, t(9) = 3.55, p = .006, and female test faces, t(9) = 3.41, p = .008. Taken together these results suggest that participants' rating pre adaptation did not significantly differ from zero, and although the ratings for both male and female faces differed from zero after adaption, the lack of significant results in the previous ANOVA suggest that there is not sufficient evidence of aftereffects (i.e., a shift in normality ratings in the expanded direction from pre to post adaption) in the male expanded adaptation condition.
For the condition in which participants adapted to female face, we completed a 2 (Timepoint: pre vs. post adaption) by 2 (sex of test faces: male vs. female) repeated measures AVOVA on participants' peak normality rating collapsed across Groups, as our previous analysis revealed no significant main effects or interactions An example of mean pre-and post-adaptation ratings for male and female faces for one ASD participant. Participants rated 10 individuals at each distortion level (average rating for each distortion level represented by black diamonds for pre-adaptation and circles for post-adaptation). The third-order polynomial function curve is shown. Mean pre-and post-adaptation ratings (i.e., the peak of the curve) were calculated and a third-order polynomial function was fit for each participant individually for males and females separately (represented by grey diamonds). and .41 respectively). We completed post hoc paired samples ttests comparing participants' peak normality ratings pre-and post-adaption for each sex of test face. There was a significant difference in participants' peak normality ratings for female test faces pre-and post-adaption, t(9) = 4.60, p = .001, d = À1.29, indicating that participants' peak normality ratings pre-adaption (M = À8.70, SD = 16.69) shifted significantly in the expanded direction post adaptation (M = 10.66, SD = 13.11). Additionally, we completed one-sample t-tests on participants' peak normality ratings of the female test faces pre-and post-adaption to test if the peak normality ratings were significantly different from zero. Preadaptation mean peak normality ratings were not significantly different from zero, t(9) = 1.65, p = .13, but post-adaptation ratings were significantly different from zero, t(9) = 2.57, p = .03.
Contracted adaptation conditions
For the contracted adaption conditions, we completed a 2 (Timepoint: pre-vs. post-adaption) by 2 (sex of adapting faces: male vs. female) by 2 (sex of test faces: male vs. female) by 2 (Group: ASD vs. typical) mixed model ANOVA on participants' calculated peak normality rating, i.e., the distortion level rated most normal (Fig. 4) . The results indicated a significant main effect of Timepoint, F(1, 16) = 83.52, p < .001, g p 2 = .84. There was a marginal interaction between Timepoint and sex of test face, F(1, 16) = 3.30, p = .09, g p 2 = .17). All other main effects and interactions were not significant, including the main effect and all interactions with Group (p values ranged from .16 to .93). The significant main effect of Timepoint indicated that regardless of whether participants were adapted to male or female faces, ASD and typical participants' peak normality ratings for both male and female test faces shifted from pre-adaption (M = 1.09, SD = 17.38) to post-adaption (M = À32.03, SD = 17.04) in the contracted direction. Additionally, we completed one-sample t-tests on participants' peak normality ratings of test faces (male and female combined) pre-and postadaption to test if the peak normality ratings were significantly different from zero. Mean peak normality ratings before adaptation were not significantly different from zero, t(19) = .28, p = .78, but the mean peak normality ratings after adaptation were significantly different from zero. t(19) = 8.40, p < .001.
Discussion
We used a figural aftereffects paradigm to test for norm-based coding of face stimuli, and to test whether adults with ASD and typical controls encode separable perceptual prototypes for male and female faces. After participants were adapted to one sex distorted in one direction (i.e., expanded or contracted) we compared their normality ratings for test faces of each sex to post adaptation levels. The results suggested that adults with ASD display sex aftereffects similar to those of typical adults. There were no group differences in the size or direction of the aftereffects. This is the first study to demonstrate intact figural aftereffects in adults with ASD. This result, along with previous results that have reported intact face aftereffects in adults with ASD (Cook et al., 2014; Walsh et al., 2015) , suggests that face processing deficits previously reported in observers with ASD are not likely to arise from abnormal norm-based coding of facial information. The fact that adults with ASD are sensitive to the figural distortions and show aftereffects similar to typical adults suggests that they encode information about the sex of faces in a manner similar to typical individuals.
We found no significant group differences in the direction or magnitude of aftereffects for either male or female faces in either the expanded or contracted condition. Across groups, participants in the female expanded condition showed significant aftereffects for female test faces, but not male test faces. This result suggests at least some distinct coding of male and female faces. Participants in both groups who were adapted to male and female contracted faces showed a transfer of aftereffects to the opposite sex of test faces than they were adapted to. This transfer of aftereffects across sexes suggests that male and female faces are also encoded with somewhat overlapping perceptual prototypes. These results are consistent with previously reported results showing both separate and overlapping perceptional norms for male and female faces in . Mean distortion levels rated as most normal pre-and post-adaptation for the ASD and typical groups in each expanded condition (i.e., female vs. male expanded adaptation). For both ASD and typical participants in the female expanded adaptation condition, the mean distortion level rated as most normal significantly shifted between the pre-and post-adaptation test phases in the expanded direction for female tests faces, but not male test faces. In the male expanded condition there was no significant difference in the distortion level rated as most normal pre-or post-adaptation for male and female test faces for either typical or ASD participants, Error bars represent 1 standard error of the mean.
typical adults . Results of the current study suggest that adults with ASD encode sex information in faces in a manner similar to typical individuals. The figural aftereffects paradigm is used widely for examining norm-based coding of faces, but has not before been used with individuals with ASD. The current study demonstrates that the figural aftereffects paradigm can be effectively used to examine norm-based coding in ASD. It is possible that the results of the current experiment could reflect low-level differences between the expanded and contracted adapting faces. For example, the manipulation used to create the distorted faces made the contour of the faces blurrier as the faces were contracted and sharper as they were expanded. This lowlevel difference could potentially account for some of the observed aftereffects in the current study. However, if this were true, we would expect the aftereffects to transfer across sexes in both the expanded and contracted conditions. For example, if adaptation were being primarily driven by the appearance of the outer contour of the faces (e.g., blurry vs. sharp face contour) then adapting to a face with a given contour (e.g. sharp) might make the test faces with a similar contour appear more normal after adaptation, regardless of the sex of the test face. This is not what we observed in the expanded conditions of the current experiment. Therefore, it is unlikely that this low level characteristic accounts for the aftereffects observed in all conditions of the current experiment.
The current results differ from that of previous studies examining face adaptation and norm-based coding in children with ASD. Using a different face aftereffects paradigm, Pellicano et al. (2007) examined norm-based coding of facial identity in children with ASD, who showed smaller aftereffects overall compared to typical children, a finding which the authors interpreted as evidence of reduced norm-based coding of identity in children with ASD. Ewing, Pellicano et al. (2013) reported that children with ASD show smaller figural aftereffects for upright faces compared to typical children. Ewing et al. (2013) also reported diminished identity aftereffects in children with ASD in an experiment that controlled attention to adapting stimuli. The most obvious difference between the current study and those that have reported atypical face adaptation in ASD is the age of participant groups. Previous studies with typical children have demonstrated normbased coding of identity in children as young as four years (Jeffery, Read, & Rhodes, 2013) and figural aftereffects in children as young as five (Short, Hatry, & Mondloch, 2011) . It is possible that the development of norm-based coding is delayed in autism, possibly because of reduced orienting to faces (Baranek, 1999; Dawson et al., 2004; Klin, Jones, Schultz, Volkmar, & Cohen, 2002; Osterling & Dawson, 1994) .
Indeed, Cook et al. (2014) also reported no group differences in identity and expression aftereffects in adults with ASD. While all of these studies use different methods to examine face adaptation (which makes direct comparison of results across studies difficult), the clear difference in findings between studies with children versus adults with ASD warrants further investigation. It may be that there is a delay in the development of norm-based coding in individuals with ASD. Further experiments with a diverse age range of individuals with ASD are needed to better understand the developmental trajectory of norm-based coding in ASD. It should be noted that the current experiment did not include any measures of attention nor eye direction to ensure there were no group differences in attention to adapting faces. Ewing et al. (2013) reported typical identity aftereffects in children with ASD in condition where attention was not controlled, but diminished identity aftereffects when attention was controlled for. It is possible that controlling for attention to adapting faces could result in group differences in sex-selective aftereffects between typical adults and adults with ASD, as reported by Ewing and colleagues. However, previous studies have reported no group differences between adults with ASD and typical adults the tendency to look at faces based on eye tracking data (Rutherford et al., 2012) , and have reported intact identity aftereffects in adults with ASD. Future studies examining facial aftereffects in adults with ASD should include an explicit attention control task as used by Ewing et al. (2013) . In keeping with the norm-based coding model of figural aftereffects, the finding that the contracted and expanded figural distortions create different patterns of aftereffects suggests that the contracted distortion creates adaptation in the neural populations common to both categories of faces, while the expanded distortion does not. Other studies have used expanded and contracted distortions in adaptation paradigms and found distinct expanded and contracted aftereffects ( . Mean distortion levels rated as most normal pre and post adaptation for the ASD and typical groups in each contracted condition (i.e., female vs. male contracted adaptation). For both ASD and typical participants in both the female and male contracted adaptation conditions, there was a transfer of aftereffects. In both contracted adaptation conditions, participants in both participant groups showed significant aftereffects in the contracted direction after adaptation for both male and female test faces, regardless of the sex of face they were adapted to.
which used similar methods to the previously mentioned studies to create the expanded and contracted stimuli, warrant further investigation into the methodological utility of these distortions for examining whether two categories of faces are encoded with separate or distinct neural populations. Some of the current results raise some interesting methodological questions about the figural face aftereffects paradigm. In the current study there was a different pattern of results in the contracted and expanded adaptation conditions. Across groups, participants who were adapted to female expanded faces showed significant aftereffects (i.e., changes in the distortion level rated as most normal after adaptation) for female but not for male test faces. Participants in both groups who were adapted to expanded male faces did not show significant aftereffects for male or female test faces. These results are similar to those of who reported that typical individuals show evidence of sex-selective aftereffects, but only significant aftereffects for female faces (Experiment 3). In contrast, participants in the current study who were adapted to contracted faces showed significant aftereffects in the contracted direction for both sexes of test faces, suggesting that the aftereffects transferred to the sex of faces opposite to that of the adaptation faces. These results are similar to previous results of who also reported transfer of contracted aftereffects (Experiment 1). This contrast in results between the expanded and contracted adaptation conditions suggests that the effect of adaptation to contracted faces is not equivalent to the effect of adaptation to expanded faces, as previous studies have assumed. Although it is not clear why expanded and contracted faces have different effects on the creation of adaptation, it is clear that this difference should be recognized when designing opposing aftereffects studies: the two manipulations cannot be assumed to be equal but opposite, as they often are.
It is worth noting that the question of whether adults with ASD show gender aftereffects probes a specific question about the norm-based representation of facial sex-specific characteristics that is somewhat independent of the question of discrimination. Past research has revealed evidence that children with ASD who are asked to categorize faces as male and female have difficulty with the task based either on internal features alone (Hobson, 1986; Hobson, Ouston, & Lee, 1988) , or on a complete face image (Deruelle, Rondan, Gepner, & Tardif, 2004) . In contrast, others have found that adults with ASD show typical performance in facebased sex categorization tasks (Best, Minshew, & Strauss, 2010; Strauss et al., 2012) , except when the gender of the face is judged to be atypical by a sample of undergraduates (Strauss et al., 2012) , suggesting that there may be delayed development to typical adult performance among those with ASD. It is important to note that typical adults' accuracy on a gender categorization task does not necessarily indicate that those with ASD are using typical perceptual strategies. First, performance correlates with IQ in the ASD group but not the typical group (Strauss et al., 2012) suggesting cognitive involvement beyond those typically used in face perception, and second, the time it takes to complete such a task may be greater among those with ASD (Behrmann et al., 2006) .
Conclusions
ASD participants showed aftereffects in the same direction and magnitude as typical participants for male and female faces. This is the first experiment to use the figural face aftereffects paradigm with a group of adults with ASD, and results demonstrate that this experimental tool, which has been widely used with typical populations, may be used to explore norm-based coding in this special population known to have deficits in several areas of face processing. The results of the expanded condition provide some evidence that adults with ASD show separate aftereffects for male and female faces just as typical individuals do, suggesting at least somewhat distinct neural coding of these two face categories. The interesting difference in results between the expanded and contracted distortions suggests that these two manipulations do not create equal adaptation effects.
